. Introduction
A liquid argon time projection chamber (LAr-TPC) working as an electronic bubblechamber, continuously sensitive, self-triggering, able to provide 3-D imaging of any ionizing event together with a good calorimetric response was first proposed by Rubbia in 1977 [1] . In the following years experiments were undertaken to verify the feasibility of such a detector . It was soon realized that the main technological problems to be solved were : 1) the liquid argon purity that has to be kept at the level of 0 .1 ppb of electronegative molecules to allow the ionization electrons for long drift distances;
2) the extreme cleanliness of the material employed in the contraction of the detector and the complete reliability of the feed-throughs between pure argon and outside world to avoid contamination due to degassing or leaks;
3) the realization of wire chambers able to perform a nondestrucitve read-out (in order to get a 3-D image of the event) made of several wire planes with few mm pitch ; this requires high precision, very reliable mechanics and very good knowledge of the electric field in the detector ; 4) development of very low noise preamplifiers to get a good signal to noise ratio. c) The electron lifetime in LAr inside the detector is monitored continually by mesauring the attenuation of an electron cloud photo-produced by a laser UV pulse impinging on a metallic cathode and moving in a small drift gap [4] . Fig. 2 shows that the lifetime steadily increases during filling and reaches a stable value higher than 5 ms (corresponding to an attenua-.ion length of more than 10 m). This result is mainly due to the recirculation system ( fig. 3 ) mentioned above.
d) The detector also exhibits the important feature of being self-triggering. This has been obtained exploiting the prompt current signal, proportional to the total charge of the track moving in the drift space, induced on the electrodes facing the drift volume. An event that illustrates very well the peculiar characteristics of the detector is shown in fig . 4 : a 210 MeV cosmic muon stopping with electron decay. It proves, with the many others we are collecting, that the LAr-TPC works as an electromagnetic calorimeter with high granularity (222 mm3 cell) and low electronic noise (equivalent to 25 keV); in fact this detector allows to measure the d E/d x along the track with the increase of ionization near the decay, the exact point of the decay and the track of the electron whose total energy is about 21 MeV.
Detector response
A large amount of data have been collected both with a small LAr-TPC (8 1, 24 cm drift) in a beam and with the 3 ton prototype using cosmic rays and 6 MeV monochromatic gamma rays to study the response of the detector in a wide range of energy from few MeV to several GeV . As an example in fig . 5 we show a muon crossing the drift volume and producing a delta ray of 3 MeV. The event is seen in two orthogonal views: the induction plane (non-destructive read-out) and the collection plane (destructive read-out) with the sense wire direction at 90 in one plane with respect to the other and with the drift time (third orthogonal coordinate) in common to both of them; the last feature together with the charge deposited along the A. Bettini et al. / ICARUS liquid argon TPC tracks allows a 3-D reconstruction . The signal to noise ratio is 6 for the induction wires and 10 for the collection ones. The electric field in the drift volume is 330 V/cm corresponding to an electron drift velocity of 1 .25 mm/ws. The sampling time is 200 ns. In fig. 6 we present a two dimensional view of a cosmic ray shower in a window of 4040 cm2.
From the analysis of 5 GeV pions and muons crossing the 24 cm TPC [3] it has been possible to extract a high energy Landau distribution ( fig. 7) . From the residual to a linear fit for the coordinate along the drift direction an rms spatial resolution of 58 Am has been found for S/N =10 ( fig. 8) [6] . By isolating from high energy tracks the delta rays it has been possible to extract informations such as dE/dx, recombination, diffusion, etc. for low energy electrons. This informa- the track; the expected rr/W separation for kinetic energies around 100 MeV is 1%. All the data taken with the 3 ton prototype exploit the self-triggering capability of the detector . In fig. 5 the signal induced on the screening grid is visible : the fast component is used to trigger the data acquisition, the slow one gives indication on the absolute position inside the detector where the ionizing event has occurred. At present we are able to trigger on isolated events with energy down to 1 MeV; in fig . 9 we show, as an example, an isolated pair produced inside the detector by a 6 MeV gamma. In a large volume detector the self-triggering capability together with a segmentation of the electrodes provides a useful way to data reduction because it selects a window both in time and in space where to look for an event above a given threshold .
We believe that a novel detector is now available for physics both in underground laboratories and at IV. NON-ACCELERATOR PHYSICS accelerator/ colliders : the liquid argon image chamber.
The experience with the 3 ton prototype, equipped with complex mechanical and electrical apparata immersed in the liquid and with hundreds of feedthroughs, has shown that the ultrapure liquid argon technique is fully reliable since, after several months of continous operation, no degradation of the very high electron lifetime has been observed.
This detector provides electronic bubble-chamber quality images with millimeter size bubbles. It is continously sensitive, it can be built with high sensitive mass and it is self-triggering. Spatial resolution is in the range of 100 Wm. Energy resolution of 3% at few MeV has been indirectly estimated . Ionization and range measurements provide particle identification . The high granularity enables measurement of particle direction . All these properties make the LAr-TPC a superb homogenous detector for contained events and for vertex identification. Infact the detector is essentially bias A. Bettini et al. / ICARUS liquid argon free and it can detect a very broad class of events. We give here briefly a number of possible application keeping in mind that, like in a bubble-chamber, all kind of unexpected phenomena could be observable as well: Solar neutrinos @ GRAN SASSO Proton decay CP violating interference @ DA(DNE Direct vt detection at LHC ( fig. 10) 
